Introduction
All optical label switching implements the packst routing and forwarding functions of multiprotocol label switching (MPLS) directly in the optical layer, which is a promising technology for next generation wavelength division multiplexing (WDM) networks. Several optical labeling methods have been proposed and demonstrated as possible solutions [I] , in which the label is attached by time multiplexing or subcarrier multiplexing with the data payload. The optical label can also be achieved by angle modulation that is arthogonal to the intensity-modulated payload [2] . In direct detection system, the label information can be modulated using either the differential-phaseshift-keying (DPSK) or frequency-shift-keying (FSK) format. The feasibility ofthe optical DPSK labeling has been experimentally validated [3] . However, this scheme imposes stringent requirements on the laser linewidth. The scheme of combined FSWASK modulation was demonstrated to be more applicable in practical networks [4] . In this paper, we report the construction of a novel optical FSK transmitter and investigation of the optical FSK labeled signal's performance. The generated signal consists of a IOGbis intensity modulated payload and a 312Mbis FSK format label, whose performance was evaluated in a 88km standard single-mode-fiber (SMF) transmission link.
Operation Principle of the Optical FSK Transmitter
The optical FSK transmitter plays m important role in optical labeling. The label information is impressed upon the frequency of the optical carrier through FSK modulation, while keeping its amplitude unaffected. Thu the optically labeled packet can be achieved when the payload information is modulated on the amplitude of the carrier. An optical FSK signal can be generated simply by directly modulating the electrical current of a DFB or DBR laser diodes [5] . However, the drive e m n t variation also results in a simultaneous intensity modulation of the emitted light. As for the optical labeling, such residual intensity modulation has a detrimental effect on the ontical packet when the payload information is addid, To overcome this problem, we propose a novel optical FSK label generation scheme based on a commercially available integrated DFB lased TUESDAY AFTERNOON I OFC 2003 I VOL. 1 I 2 7 9 electroabsorption (EA) modulator, whose configuration is shown in Fig. 1 In such B configuration, the DFB laser is driven with a bias current far above the threshold and a relatively small modulation current is added. The intensity variation of the laser output is then compensated through the integrated EA modulator driven with the inverse data In this way, only the frequency modulation is enoected in the final outpanicd by a jdB &tensity wriation. The intebated EA modulator Hhows a modulation efficiency ofnearly SdBN, as s h o m in Fig. 2(b) . Both the DFB laser and the EA modulator have 3dB~ modula&n bandwidth of 2.5GHz. Fig. 3 shows the measured eye-diagrams and optical spechum of the FSK modulated signal when the DFB laser was driven with B 90mA bias current and a 30mA modulation current. Without intensity compensation, nearly 3dB intensity fluctuation was observed, as shown in Fig. 3 =. . 
Signal
To investigate the performance ofthe optical FSK labeling scheme, an 88km SMF transmission link was set up, as shown in Fig. 4 . The optically labeled signal consisting of a 10GbIs payload and a 312MbIs label was first generated, then transmined over 88km SMF, and finally detected using direct detection receivers.
Fig. 4. Experimental Setup
Two pseudo-random pattern generators were used to generate the payload and label information. The label information was impressed upon the optical carrier (1555.0 nm) through FSK modulation, while the payload information was added by using a IOGbIs Mach-Zehnder intensity madulator (MZM). The power of the labeled signal was amplified to IOdBm and input into the fiber. The transmission span consisted of 88km SMF and a matching length of dispersion compensating fiber (DCF). The DCF was inserted into the link based on a hybrid dispersion compensation map (i.e. split before and after the transmission fiber) to piw optimized transmission performance. At the receiver node, the labeled signal was split using a 3dB optical coupler. One arm was directly detected by a photodiode and thus the optical payload was converted into the electrical domain. In the other arm, a fiber-Bragg-grating (FBG) was used to filter only a single lobe afthe FSK labeled signal, thus achieving the FSK demodulation. The demodulated label was received by an electrical receiver with 1.8 GHz bandwidth. Fig. 5 shows the eye-diagrams of the payload and label. In the labeling scheme used, interference is inmduced between the payload and label through the intermodulation distortion, as indicated in Fig.  5(c) . The intensity modulation depth of the payload is a determining factor. Fig. 6(a) shows the mance can be achieved with ne& 6dB 'extinction ratio. Fig. 6(b) shows the transmission performance of the signal with 6dB extinction ratio. The transmission nenalties for label and payload are 2.2dB and l.idB respectively. 
